Introduction
============

Mobile phone apps play an increasingly important role in health care as evidence supporting these interventions accumulates \[[@ref1]\]. These mHealth (mobile health) interventions have been applied to monitor postoperative care \[[@ref2],[@ref3]\], diabetes self-management \[[@ref4],[@ref5]\], smoking cessation \[[@ref6],[@ref7]\], care and prevention of HIV and other sexually transmitted diseases \[[@ref8]\], and more. As these interventions begin to spread throughout health care, there has been a growing interest in the response to these apps, including topics such as acceptability and feasibility \[[@ref2]\], satisfaction by patients and providers \[[@ref5]\], and efficiency \[[@ref4]\]. However, there is limited research measuring users' comfort in operating mobile phone functions and whether comfort increases as a result of engagement with these apps.

The World Health Organization and Centers of Disease Control recommend the use of directly observed therapy (DOT) for monitoring treatment of both tuberculosis and sometimes latent tuberculosis infection. DOT is a case management system developed for monitoring antituberculosis treatment \[[@ref9]\]. Patients with tuberculosis have to travel to a health care facility or a trained DOT worker travels to the patient's home to observe them taking their medication. DOT improves adherence because it requires close supervision, but it has some barriers as well \[[@ref10]\]. One example of a barrier to DOT is that it requires both a patient's and DOT worker's presence; both schedules may interfere with time and place of when the medication is taken. These and other barriers prompted the development of an mHealth intervention called Video Directly Observed Therapy (VDOT). VDOT was developed as an alternative to DOT to help reduce the barriers of DOT and increase adherence \[[@ref11]\]. The VDOT process allows patients to record themselves taking the medication and send the date- and time-stamped video to a DOT worker who watches the video and documents each dose taken. These recorded videos allow patients the flexibility of choosing the best time and place to take their medication. Patients receive daily medication reminders by short message service (SMS) text message, and may use the phone to text, email, or call their provider throughout treatment.

A study was conducted from August 2013 through July 2014 to assess the feasibility and acceptability of VDOT for monitoring tuberculosis treatment adherence in three US health departments (San Diego, San Francisco, and New York); patient comfort using mobile phones was also measured during baseline and follow-up interviews \[[@ref11]\]. In this paper, we assess the change in comfort using mobile phone features and apps and look at factors associated with change. Understanding patient's comfort and use of mHealth apps will assist in the design and development of other health-based mobile phone apps.

Methods
=======

Participant Recruitment
-----------------------

This analysis used data from a three-city study of VDOT among patients with active tuberculosis. Patients 18 years or older undergoing treatment for active tuberculosis in San Diego, San Francisco, and New York City Health Departments were invited to participate in the study by health department staff. Research staff conducted phone interviews before patients started to use the VDOT app (baseline) and after their treatment or study participation ended (follow-up). The interviews included questions on sociodemographics, risk behaviors, VDOT perceptions, and comfort using mobile phone apps and phone features. Participants were provided phones with the VDOT app installed and were told that they could use the phones for anything related to their tuberculosis treatment: making calls, text messaging, emailing, taking pictures, and accessing the internet. The study was approved by the University of California San Diego Human Research Protection Program. All participants provided written informed consent.

Outcomes
--------

The main outcome for this analysis was change in comfort using mobile phone features between the baseline and follow-up interviews. Comfort with phone features was stratified into six categories: making phone calls, taking pictures, recording videos, text messaging, internet browsing, and using email. Participants were asked, "On a scale of 1 to 10, how comfortable are you using a cell phone to (category)? 1=very uncomfortable and 10=very comfortable." This scale was developed by the authors and was first used in our study; therefore, we assessed internal reliability using robust alpha coefficients \[[@ref12]\]. The estimated alpha was .93 (95% CI .87-.96), which showed excellent reliability. These questions were asked during both the baseline and follow-up interviews. Change in comfort was calculated by subtracting the baseline scores from the follow-up scores. "Not applicable" and "refuse to answer" were potential response options and were treated as missing for this analysis. Overall change in comfort was calculated by summing the six individual technology comfort scores (range 1-10) to produce a cumulative score for baseline and follow-up (range 6-60).

Data Analysis
-------------

The overall change in technology comfort and the change in six separate technology comfort variables were summarized by descriptive statistics (mean, median, quartiles, standard deviation) and assessed by Wilcoxon signed rank test. Univariate tests (Spearman correlation coefficient, Wilcoxon rank sum test, and Kruskal-Wallis test) and simple linear regression analysis were performed to assess the bivariate association between overall comfort change score and each potential covariate (sociodemographics, site, risk behaviors, VDOT perceptions, and baseline comfort score). For individual item comfort change measures, we analyzed them as binary outcomes (improved vs not improved) since normal assumption of residuals for a linear regression model was not satisfied; a change score greater than zero was defined as an improvement. Univariate tests (Wilcoxon rank sum test and Fisher exact test) and simple logistic regression analysis were performed to assess bivariate associations between each individual item change and baseline covariates. Results from the univariate test and regression analysis were consistent; therefore, estimated coefficients, odds ratios (ORs), and *P* values from regression analyses were reported. Variables that were significant with *P*\<.10 in the simple linear/logistic regression were considered for inclusion in the multivariable regression analysis. Backward elimination was used to remove nonsignificant variables from the model and the variable with the largest *P* value was removed from the model at each step, until only variables with *P*\<.10 remained in the final model. A normal probability plot was used to assess the normality assumption of linear model residuals and influential observations were assessed by residual and Cook's distance. Sensitivity analyses were performed by excluding the influential observations from the analysis and comparing it to the original model. Since the results remained robust, we report regression analysis results from the original model. A *P*\<.05 was interpreted as statistically significant. All data analyses were performed using R (version 3.3.0) and SAS 14 software (Cary, NC, USA).

Results
=======

Participant Characteristics
---------------------------

Overall, 151 participants were enrolled in the parent study, of which 126 completed the follow-up interview. Since participants could refuse to answer any question in the interviews, this analysis includes only those who provided responses to at least three comfort questions at both visits, leaving 120 participants for analysis. The mean age was 39.8 years (SD 14.8, range 18-87), 46.7% (56/120) were female, 47.5% (57/120) were Asian, 26.7% (32/120) were Hispanic, and 12.5% (15/120) were African American. Overall, 76.7% (92/120) were foreign born, 55.4% (62/112) reported an annual income of more than US \$10,000/year, 79.0% (94/119) had health insurance, and 47.0% (55/117) had education beyond high school. Behavior characteristics showed that 27.7% (33/119) consumed alcohol at least once a month and 40.0% (48/120) had ever smoked cigarettes. Before starting VDOT, 72.5% (87/120) of participants owned a mobile phone and 80.8% (97/120) of participants preferred communicating with their health care provider through text, phone call, or email (text message: 11.7%, 14/120; phone call: 63.3%, 76/120; 14/120; email: 5.8%, 7/120). The mean duration of daily VDOT use was 5.46 months (SD 3.25, interquartile range \[IQR\] 3.09-7.47).

Overall, mean baseline comfort scores for the six individual domains of mobile phone use were high (range 7.43-9.02; [Table 1](#table1){ref-type="table"}). The average comfort scores were lowest for email use on phone and highest for making phone calls at both baseline and follow-up. The average change in comfort score was highest for recording videos (mean 0.79, SD 3.04) and lowest for making phone calls (mean 0.11, SD 2.03) and email uses (mean 0.11, SD 2.72); however, the changes were only statistically significant for taking pictures (*P=*.02) and recording video (*P=*.002). Although not statistically significant, an increase was also observed for the combined overall comfort score (*P=*.07).

###### 

Self-reported comfort score using mobile phone features before and after using an mHealth app to monitor antituberculosis treatment adherence among patients in San Diego, San Francisco, and New York City (N=120).

  -----------------------------------------------------------------------------------------------------------------------------------
  Comfort variables        Baseline          Follow-up     Change        Improvement (change score\>0)^a^, n (%)   *P* value^b^   
  ------------------------ ----------------- ------------- ------------- ----------------------------------------- -------------- ---
  **Making phone calls**   \                 \             \             25 (23.6)                                 .30            

  \                        Median (IQR^c^)   10 (9, 10)    10 (9, 10)    0 (0, 0)                                  \              \

  \                        Mean (SD)         9.02 (1.95)   9.34 (1.52)   0.11 (2.03)                               \              \

  **Taking pictures**      \                 \             \             39 (32.8)                                 .02            

  \                        Median (IQR)      10 (7, 10)    10 (8, 10)    0 (0, 1.5)                                \              \

  \                        Mean (SD)         8.21 (2.65)   8.76 (2.29)   0.55 (3.24)                               \              \

  **Recording videos**     \                 \             \             39 (34.2)                                 .002           

  \                        Median (IQR)      9 (6, 10)     10 (8, 10)    0 (0, 1)                                  \              \

  \                        Mean (SD)         7.69 (3.08)   8.48 (2.38)   0.79 (3.04)                               \              \

  **Text messaging**       \                 \             \             30 (25.9)                                 .26            

  \                        Median (IQR)      10 (8, 10)    10 (8, 10)    0 (0, 1)                                  \              \

  \                        Mean (SD)         8.23 (2.87)   8.52 (2.55)   0.27 (2.55)                               \              \

  **Internet use**         \                 \             \             28 (26.2)                                 .58            

  \                        Median (IQR)      10 (7, 10)    10 (7, 10)    0 (0, 1)                                  \              \

  \                        Mean (SD)         7.90 (3.15)   7.95 (3.07)   0.19 (2.64)                               \              \

  **Email use**            \                 \             \             24 (22.9)                                 .87            

  \                        Median (IQR)      9 (5.5, 10)   9 (6, 10)     0 (--1, 0)                                \              \

  \                        Mean (SD)         7.43 (3.28)   7.47 (3.13)   0.11 (2.72)                               \              \

  **Overall comfort**      \                 \             \             N/A                                       .07            

  \                        Median (IQR)      54 (43, 60)   56 (50, 60)   0 (--2, 6)                                \              \

  \                        Mean (SD)         48.8 (14.2)   51.3 (12.2)   1.92 (11.1)                               \              \
  -----------------------------------------------------------------------------------------------------------------------------------

^a^Improvement indicates the number and percentage of participants whose change scores were greater than zero for each individual comfort variable.

^b^*P* values are from Wilcoxon signed rank tests.

^c^IQR: interquartile range.

Combined Overall Comfort
------------------------

From simple linear regression analysis ([Table 2](#table2){ref-type="table"}), we found that older age was associated with an increase in overall comfort score change (*P*\<.001). Those without a mobile phone at baseline (*P=*.01) and those who had lower comfort at baseline (*P*\<.001) were more likely to have increased comfort at follow-up. Using multivariable linear regression, we found only the baseline overall score stayed significant with a higher overall baseline score (ie, more comfortable at baseline) associated with a smaller increase at follow-up (beta=--0.45, *P*\<.001).

Comfort in Six Individual Comfort Domains
-----------------------------------------

To identify factors independently associated with change in comfort level for each of the six individual phone functions, we performed simple ([Table 2](#table2){ref-type="table"}) and multivariable ([Table 3](#table3){ref-type="table"}) logistic regression analyses. Variables significantly associated with comfort changes on individual items in the simple logistic regression analysis included age, country of birth, education, hours worked per week, previous mobile phone ownership, ever recording VDOT videos while away from home, and baseline comfort score (all *P*'s\<.05).

Variables significantly associated with comfort change for each individual item in simple logistic regression were assessed in multivariable logistic regression models. Baseline comfort levels were the strongest predictors in the individual item change measures (all *P'* s\<.001). After controlling for baseline scores, only female participants (OR 3.03, 95% CI 1.08-8.52, *P=*.04) were more likely to have increased comfort in internet use. Participants with fewer hours worked per week (OR 1.03, 95% CI 1.00-1.05, *P=*.06) were also more likely to have increased comfort in recording video although this did not meet statistical significance.

###### 

Simple linear/logistic regression analysis^a^ of change in comfort using mobile phone functions among Video Directly Observed Therapy (VDOT) study participants (N=120).

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variables                        n (%)^b^                                                                  Overall change, beta   Individual comfort measure, odds ratio                                                               
  -------------------------------- ------------------------------------------------------------------------- ---------------------- ---------------------------------------- --------- --------- --------- --------- --------- --------- ------
  **Sociodemographics**            \                                                                         \                      \                                        \         \         \         \         \                   

  \                                Age (years), mean (SD)                                                    39.8 (14.8)            0.24^c^                                  1.02      1.03^d^   1.04^c^   1.04^c^   1.05^c^   1.04^c^   

  \                                Hours/week worked at current job, mean (SD)^e^                            25.7 (20.4)            0.05                                     1.04^c^   1.02^f^   1.03      1.01      1.01      1.02      

  \                                **Country of birth**                                                      \                      \                                        \         \         \         \         \         \         

  \                                \                                                                         Other (ref^g^)         75 (62.5)                                \         \         \         \         \         \         \

  \                                \                                                                         United States          28 (23.3)                                --2.94    0.39      0.34^d^   0.52      0.43      0.45      1.53

  \                                \                                                                         Mexico                 17 (14.2)                                --2.62    1.28      0.65      1.21      1.56      0.86      0.93

  \                                **Site**                                                                  \                      \                                        \         \         \         \         \         \         

  \                                \                                                                         San Diego (ref)        43 (35.8)                                \         \         \         \         \         \         \

  \                                \                                                                         San Francisco          44 (36.7)                                0.54      1.00      1.24      1.73      0.50      0.72      1.03

  \                                \                                                                         New York               33 (27.5)                                --1.70    0.63      1.15      1.88      1.31      0.66      1.55

  \                                **Race/ethnicity**                                                        \                      \                                        \         \         \         \         \         \         

  \                                \                                                                         Asian (ref)            57 (47.5)                                \         \         \         \         \         \         \

  \                                \                                                                         Hispanic               32 (26.7)                                --0.89    1.00      1.20      2.02      1.18      1.35      1.85

  \                                \                                                                         Other                  31 (25.8)                                --1.03    0.71      1.26      1.44      1.32      0.90      1.03

  \                                Female sex (ref: male)                                                    56 (46.7)              0.46                                     0.62      0.95      1.28      0.84      2.15^f^   1.25      

  \                                \>High school education (ref: \<high school)                              55 (47.0)              --1.53                                   0.83      0.52      0.42^d^   0.57      0.56      0.39^f^   

  \                                Have health insurance (ref: no)                                           94 (79.0)              2.82                                     0.66      1.25      1.07      1.15      2.68      1.45      

  \                                Household income (US\$) \>\$10,000/year (ref: \<\$10,000/year)            62 (55.4)              --2.84                                   0.45^f^   0.50^f^   0.62      0.91      0.71      0.54      

  **Behavioral characteristics**   \                                                                         \                      \                                        \         \         \         \                             

  \                                Alcohol consumed ≥once/month (ref: \<once/month)                          33 (27.7)              0.97                                     0.52      1.02      1.45      0.43      0.91      0.62      

  \                                Ever smoked cigarettes (ref: never smoked)                                48 (40.0)              --2.92                                   0.46      0.57      0.99      0.63      0.95      1.04      

  **VDOT characteristics**         \                                                                         \                      \                                        \         \         \         \                             

  \                                Days of practice needed to learn VDOT process, mean (SD)                  1.53 (1.51)            --0.76                                   1.27      1.01      1.02      1.14      0.99      0.88      

  \                                Miles to tuberculosis clinic from home, mean (SD)                         13.0 (10.1)            --0.12                                   0.98      0.99      1.00      1.00      1.01      0.97      

  \                                Owned a mobile phone (ref: no)                                            87 (72.5)              --6.22^c^                                0.37^f^   0.20^c^   0.33^d^   0.23^c^   0.64      0.49      

  \                                Used VDOT phone while away from home-ever (ref: never)                    84 (71.2)              --3.43                                   0.82      0.36^d^   0.76      0.67      0.30^d^   0.54      

  \                                Preferred communicating with physician in person (ref: text/call/email)   23 (19.2)              1.39                                     2.01      1.78      1.12      0.81      0.57      0.81      

  \                                Baseline comfort score^h^                                                 \                      --0.45^c^                                0.06^c^   0.43^c^   0.57^c^   0.61^c^   0.75^c^   0.74^c^   
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^a^Overall change score was analyzed as a continuous measure and the beta coefficient from simple linear regression was reported for overall change score; individual item change scores were analyzed as binary measures since the normal assumption of residuals in linear regression was not satisfied when analyzed as continuous measures, odds ratios from simple logistic regression were reported for individual item change scores.

^b^Values represent n (%) unless otherwise indicated.

^c^*P*\<.01.

^d^*P*\<.05.

^e^Beta and odds ratio are interpreted for per 1 hour less.

^f^*P*\<.10.

^g^Ref: Reference.

^h^Mean (SD) for baseline comfort scores were presented in [Table 1](#table1){ref-type="table"}.

###### 

Multivariable regression model^a^ for associations with change in comfort using mobile phone functions among VDOT participants.

  Comfort variable     Variables, odds ratio (95% CI)                            
  -------------------- -------------------------------- ------------------------ ------------------------
  Making phone calls   0.06 (0.02 to 0.18)^b^           N/A^c^                   N/A
  Taking pictures      0.43 (0.31 to 0.59)^b^           N/A                      N/A
  Recording videos     0.58 (0.47 to 0.72)^b^           1.03 (1.00 to 1.05)^d^   N/A
  Text messaging       0.61 (0.50 to 0.74)^b^           N/A                      N/A
  Internet use         0.73 (0.62 to 0.85)^b^           N/A                      3.03 (1.08 to 8.52)^e^
  Email use            0.74 (0.64 to 0.85)^b^           N/A                      N/A
  Overall score        --0.45 (--0.56 to --0.33)^f^     N/A                      N/A

^a^Overall change score was analyzed as a continuous measure and the beta coefficient from multivariable linear regression was reported; individual item change scores were analyzed as binary measures and the odds ratios from multivariable logistic regression were reported.

^b^*P*\<.01.

^c^N/A: not applicable.

^d^*P*\<.10.

^e^*P*\<.05.

^f^Beta coefficient (95% CI) from linear regression analysis.

Discussion
==========

The main function of the VDOT app was to record and send videos of each medication ingestion event, and we found a significantly positive change in comfort with using a mobile phone to take videos and photos. We also observed a nonstatistically significant increase in comfort using all other mobile phone functions following the use of the VDOT app for monitoring tuberculosis treatment adherence. Except for baseline comfort, sex, and hours worked, we did not find baseline sociodemographics to affect comfort change. This indicates that the use of VDOT has the potential to increase patient skills with various mobile phone functions across a range of patient characteristics, which should increase their willingness and ability to utilize future mHealth apps.

Other mHealth studies considered the usability and receptiveness of app-based tools using different forms of Likert scales \[[@ref2],[@ref7]\] or qualitative measures from patient responses \[[@ref5],[@ref6]\] to find important associations related to app quality and user opinions. These studies assessed a variety of health interventions and most had positive results when investigating topics such as usability \[[@ref3]\] and acceptability \[[@ref2],[@ref7]\]. Unlike previous studies, this study quantified comfort with using mobile phone functions and examined correlates of those changes. These measures of change in comfort help to elucidate how patients perceive the use of an mHealth app and how its use can impact comfort using mobile phones. Finding that comfort increased after using an mHealth app suggests that introducing patients to one mHealth app can increase the likelihood that they will be willing and able to engage with future mHealth interventions. The factors that contribute to comfort using mobile phone features have important relevance to whether patients have a good experience using the different tools and benefit from the intended purpose of the app.

Some study limitations must be considered. All participants in this study were undergoing treatment for tuberculosis; thus, this sample is not representative of all patient populations. Tuberculosis in the United States most commonly occurs among immigrants from high tuberculosis-burden countries; persons who are homeless, inject illegal drugs, or are HIV infected; and people who live or work in hospitals, homeless shelters, correctional facilities, nursing homes, and residential homes for those with HIV \[[@ref13]\]. The study took place in three major metropolitan cities, so the results might not reflect those of patients in rural areas. Also, the modest sample size might have limited our ability to detect statistically significant associations. Since most participants owned mobile phones and had high comfort levels at baseline, they had little room to increase comfort, which also limited our ability to detect changes. Future studies involving patients with less mobile phone experience at baseline should be considered. Lastly, the data were all self-reported, which may have introduced information bias.

This study has several strengths. The longitudinal study design supports a causal relationship between the observed change in comfort and use of the VDOT app. Baseline and follow-up questionnaires encompassed a wide range of variables including sociodemographic, behavioral, and treatment perceptions, which allowed us to assess multiple potential correlates of change in comfort. The study assessed comfort using six different functions of a mobile phone rather than mobile phone use in general, which allowed for a more comprehensive investigation of the effect of using an mHealth app on change in comfort using mobile phones. Lastly, this is the first study to measure change in comfort using an mHealth app, which helps to address gaps in existing literature.

This study shows that after using a mobile phone for one mHealth intervention, patients became more comfortable using the device, which suggests that they will more quickly embrace other mHealth interventions (eg, smoking cessation or diabetes management). With expanded use of mHealth apps like VDOT, it is important for patients to be comfortable with using mobile phone functions. Measuring the comfort level that patients have while using mHealth apps can help to determine if these apps are improving patient skills using technology. This will help prepare patients to adopt the use of other forms of mHealth, as well as accessing health information through their mobile phone.
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